Introductions
Kniest syndrome was originally described as a variant of metatropic dwarfism in 1952 by Wilhelm, 1) but it has been more generally recognized as a distinct entity only in recent years.
2) It is a very rare condition, affecting approximately 1 in 1,000,000 live births worldwide, with no sexual predominance. 3) Most reported patients are sporadic cases, but the disorder can also be inherited in an autosomal dominant pattern. Kniest syndrome represents one of a spectrum of chondrodysplasias arising from defects in the COL2A1 gene for type II collagen, mapped to 12q13. 11. 4) Type II collagen is an important component of different connective tissues, including cartilage and vitreous tissues, and is essential for the normal development of bones and other connective tissues . 5) Type II collagenopathies caused by mutations in the COL2A1 gene otitis media, cataracts, lens dislocation, myopia, visual loss due to retinal detachment, and cleft palate may sometimes be present. 4, 9) In this report, we described a patient with a distinct chondrodystrophy without ophthalmologic abnormality that is consistent with Kniest syndrome.
Case Report
A 2-year-old female was referred to the genetics clinic for evaluation of her short stature and dysmorphic features. She showed a disproportionately short stature with a short and barrel-shaped chest and severe flexion deformities of the elbow, knee, and hip joints.
She was born by C-section due to cephalopelvic disproportion at 38 weeks of gestation (birth weight of 2.85 kg) and had no definite perinatal asphyxia. She was the first only baby of her parents. Newborn examination revealed kyphosis with skin dimpling and nevus on the sacral area, which led to the diagnosis of spinal cord tethering and lipomeningomyelocele. Afterward, she underwent an operation for lipomeningomyelocele at 13 months of age.
On the initial physical examination, her height and weight were 77.3 cm and 9.4 kg, both below the third percentile and her head circumference was 46 cm at the 50 th percentile, with normal developmental milestones and intelligence. The face was flat and round, with a low nasal bridge, short upturned nose, dolichocaphaly, short neck, and curved ear canals. Bilateral ptosis was observed, with clear corneas. She also showed shallow breathing due to her restrictive and barrel shaped chest and severe kyphoscoliosis in the lower back. The limbs were shortened and the large joints showed flexion deformity with limited mobility. Flexion contracture of both hips was marked and she showed a waddling gait with limited hip abduction (Fig. 1) . The patient's 37-year-old mother was 140cm in height and showed similar appearance to her daughter. She denied significant past medical history and had not undergone genetic evaluation for Kniest syndrome. The patient's father had normal height and no remarkable medical history. Biochemical tests, including a coagulation assay, showed no abnormal findings. Proteinuria, microscopic hematuria, and pyuria were noted at the first examination, but subsequent urine tests were normal. Urinary GAG excretion test for mucopolysaccharides were normal. An abdominal ultrasonogram revealed no evidence of hydronephrosis or ureter dilatation.
Radiologic examinations showed abnormalities in the spine, ribs, long bones, and multiple joints. The main bony abnormalities were irregularity and flattening of the vertebral bodies, severe thoracic lordosis, lumbar kyphosis ( Fig. 2A) , and narrowed intercostal spaces. Flexion deformities were seen in multiple joints of the elbow, hip, knee, and interphalangeal joints. The epiphyses of distal femur and proximal tibia were enlarged (Fig 2. B-D) . Developmental dysplasia of the hip was suspected based on the ultrasound examination. A spine MRI revealed various anomalies, such as fused lamina from T1 to T4 and T5 to T10, a hemivertebra at T6, and a split spine with syringomyelia. A follow-up spine MRI revealed a film terminale lipoma and the patient underwent detethering of the cord (Fig. 3 ). In addition, she has received regular fusion and growing rod insertions, following separation of the ribs and spine to expand the thoracic space.
Finally, she was diagnosed as a Kniest syndrome, based on radiological findings and clinical features, although direct sequencing of COL2A1 was negative. The patient also received ophthalmologic examination which did not show abnormal findings, such as cataracts, lens dislocation, myopia, glaucoma, retinal detachment, and so on.
Discussion
Kniest syndrome (OMIM #156550) is a rare skeletal dysplasia characterized by chondrodysplastic dwarfism, kyphoscoliosis, enlarged joints, visual loss, hearing loss, and cleft palate. 4, 10) In 1952, Wilhelm described the original case of Kniest syndrome as a variant of metatropic dwarfism in a patient who showed short stature, restricted joint mobility, and blindness, but who was mentally alert and survived for a long time with an active life. The common phenotypic manifestations of the type II collagen disorders including high myopia, sensorineural hearing loss, cleft palate, and short trunked dwarfism, like as any mutation in COL2A1. Kniest syndrome should be differentiated from other forms of chondrodystrophies. Kniest syndrome usually shows moderate degree of phenotype among autosomal dominant type II collagen disorder. Stickler syndrome and familial osteoarthritis show mild phenotypes in the disease spectrum, while spondyloepi (meta) physeal dysplasias (SED/SEMD) is in the middle and the lethal achondrogenesis type II/Hypochondrogenesis at the end of severe phenotype. Kniest syndrome, like SED congenita, can be phenotypically variable. 12) Radiographic findings are important for differential diagnosis of type II collargenopathies. Dumbbell-shaped femora and coronal clefts are distinct characteristics of Kniest syndrome, as is the "Swiss-cheese" appearance of the cartilage matrix. In Moriquio's disease, the pelvis shows supra-acetabular constriction, coxa valga, and narrow femoral necks. The lumbar vertebral bodies tend to be more severely affected than the thoracic. Characteristically, these patients have normal intelligence and could have minimal corneal clouding. They show flaring of the ribs, flared iliac wings, a steep acetabular roof, and proximal pointing of metacarpal bones. In SED, severe vertebral hypoplasia is notable at the thoraco-lumbar junction and the epiphysis is not bulbous. 8) Platyspondyly is more marked and the fibula is often longer in metatropic dwarfism than in Kniest syndrome. 9) Although platyspondyly and hypoplastic femoral head are seen in SED, SEMD and metatropic dwarfism usually have small-sized but normal appearing epiphyses. 8) Enlarged epiphyses with cloudlike calcification may only be seen in Kniest syndrome, 13) as those in our patient. Patients with Kniest and Morquio syndromes and SED all have rather flat faces, compared to the normal facial appearance in metatropic dwarfism. Evaluation of hip, spinal and knee complications is necessary in Kniest syndrome. Hip replacement is sometimes warranted in adults. Additionally, an examination of the C1 and C2 vertebra should be performed to evaluate odontoid hypoplasia, if spinal fusion is needed. Regardless of whether a spinal fusion is required, lax ligaments in the neck could lead to spinal injury during anesthesia, contact sports, and car accidents. For this reason, a patient with Kniest syndrome should be cautioned to avoid activities/ sports that could result in trauma to the neck or head. In addition, the patient may have chest wall constriction, which can cause decreased lung capacity. Therefore, the patient should be closely monitored during anesthesia and for complications of respiratory infections. Anesthesia also presents risks related to cervical spine instability, lung capacity, and small airways and it should not be performed until these have been evaluated.
The first reported case of Kniest syndrome in Korea was a newborn with unknown birth and family history, who presented with severe cyanosis and respiratory difficulty, associated with cleft palate and had a disproportionate large head, a flat and round face, bilateral ptosis, a low and flat nasal bridge, barrelshaped chest, umbilical hernia, odontoid process, kyphoscoliosis and flexion contracture with dumbbell-shaped enlargement of epiphyses of long bones. 11) Finally, this patient expired due to respiratory difficulty along with heart failure, on the ninth day of hospitalization. In Autopsy, the cartilage contained large chondrocytes intervening loose matrix, so called "Swiss cheese" pattern seen through light microscopy. 11) Compared to this previously reported case, our case had similar phenotype, such as a flat and round face with a low nasal bridge, a short upturned nose, curved ear canals and bilateral ptosis, but had normal intelligence and no cleft palate. She had significant kyphosis and lordosis in conjunction with spinal cord tethering and a lipomeningomyelocele from birth. Lipomeningomyelocele is not a common symptom and there has been no report of Kniest syndrome accompanying lipomeningomyelocele, yet. The patient has undergone spinal detethering and removal of lipomeningomyelocele. Every six months, she has undergone fusion and growing rod insertion following separation of ribs and spine to expand the thoracic space.
Regular eye examinations should be conducted by an ophthalmologist to evaluate for myopia and retinal detachment. Hearing should be checked and ear infections should be closely monitored. Tubes may need to be placed in the ears. Our case has received ophthalmologic exams which did not reveal abnormal findings. She has had no history of recurrent otitis media and was advised to undergo the evaluation of hearing.
Our case was diagnosed as a Kniest syndrome by clinical and radiographical findings, although the gene test was negative. Since Kniest syndrome is very rare and the test reliability or validity of DNA sequencing of COL2A1 mutations for Kniest syndrome have not yet been well described in the literature. In 1999, Wilkin et al. identified four dominant deletion mutations from exon 12 to 24 in COL2A1 in Kniest syndrome, all of which result in exon skipping, in addition to a previously known splice-site deletion. 12) In 2005, Nishimura et al. found 38 COL2A1 mutations in 41 out of 56 families suspicious of type II collagenopathies. Among these, all nine truncation or splice-site mutations in the triple helical or N-propeptide region caused Stickler dysplasia type 1 or Kniest syndrome, and two new mutations (c. 1023+2T4G and c.2304-1G4C) from these nine mutations were shown in patients with a Kniest syndrome phenotype. 14) Additional COL2A1 mutations may currently be under investigation. Therefore, further study may need to find other causative mutations or genes in Kniest syndrome.
